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To  systematically  evaluate  the  ballistic  resistance  of  202l|.— TU 
and  7075-T6  aliminua  alloy  plates  when  subjected  to  small  arms  pro¬ 
jectile  firings* 


SUMMARX 


Aluminum  alloys  2021* -Tl*  and  7075-T6,  in  1/8,  1/1*,  1/2,  3A> 
and  1  1/2  inch  thicknesses  vert  tested  for  ballistic  resistance  to 
penetration  and  spalling  at  plate  obliquities  of  0,  30,  1*5,  55>  60, 
65,  70,  and  do  degrees.  Caliber  *50  AP  M2,  20  ml  AP  M95,  and  20  ml 
AP  T33  projectile*  were  used  in  this  investigation* 

For  armor  purposes,  the  202l*-Tl*  alloy  is  generally  superior  to 
the  7075-T6  alloy  idth  respect  to  ballistic  protection,  and  spalls 
considerably  less*  For  defeating  aluminum  alloys  of  these  types, 
the  20  ml  AP  T33  projectile  is  generally  superior  to  the  20  wm  AP 
M 95  projectile* 


AUTHOBIZATIOt 

Sub  RAD  OHDTB  2-1061*,  22  December  1953. 
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INTHCOTCTION 


In  the  future  it  is  quite  likely  that  aluminum  alloys  will  be 
used  Instead  of  steel  for  armor  purposes  on  various  types  of  lightly 
armored  military  vehicles*  It  is  known  that  some  alumim*  alloys 
exposed  at  intermediate  and  high  obliquities  provide  better  ballistic 
protection  against  exploded  shell  fragments  and  small  caliber  projec¬ 
tile  firings  than  steel  armor  of  equivalent  weight. 

Results  of  this  work  are  reviewed  in  Reference  1*#  Ballistic 
md  aechanical tests  conducted  at  this  arsenal^)  and  at  Caae  Insti¬ 
tute  of  f  echnology,(3ju)  respectively*  have  rfiown  that  resistance  to 
penetration  for  1/2  inch  thick  plat*  is  linearly  proportional  to 
hardness ,  regardless  of  alloy  composition,  toughness,  ductility,  or 
any  other  mechanical  property  evaluated,  up  to  approximately  120  Bhn. 

In  hards  tea  ranges  exceeding  120  Bhn,  the  ballistic  limit-hardness 
relation  was  no  longer  only  linear,  but  became  dependent,  upon  toughness 
also. 


Substitution  of  alimlnun  alloys  which  afford  the  smae  ballistic 
protection  as  steel  m  uld  also  provide  a  considerable  weight  saving. 
This  is  a  very  important  factor  in  air-borne  vehicle  considerations. 

The  frontal  armor  of  most  military  vehicles  is  exposed  at  ob¬ 
liquities  of  attack  greater  then  1*5>  degrees.  Military  aircraft  is 
constructed  mainly  of  aluminum  alloys  and,  in  coriba4 ,  is  also  exposed 
at  very  high  obliquity  conditions  of  impact.  In  the  past  other  mili¬ 
tary  installations  have  investigated  the  ballistic  resistance  of  dif¬ 
ferent  aluminum  alloys  for  various  target  conditions  which  did  not 
include  very  high  obliqaities.  This  program,  therefore,  was  plained 
and  conducted  to  systematically  investigate  the  majority  of  potential 
targets  (armored  and  aircraft)  which  might  be  subjected  to  small  cal¬ 
iber  projectile  firii^s.  It  included  thicknesses  varying  from  1/8  to 
1  1/2  inches,  and  obliquities  ranging  from  0  to  80  degrees. 


MATERIALS  AND  METHODS 

Plate 


Commercial  alloys  202lj-Tk  and  7075-T6,  in  thicknesses  of  1/8,  1/U, 
1/2,  3/h,  1#  and  1  1/2  inches,  were  used  in  this  investigation.  These 
alloys  were  chosen  because  they  were  considered  to  offer  more  resistance 


♦See  attached  RXFTRXNCKS 
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to  projectile  penetration  than  some  of  the  ether  commercially 
available  ones.  Furthermore,  some  ballistic  <  ita  already  existed 
for  these  alloys.  (Some  of  the  ballistic  and  mechanical  properties 
of  alloys  202J*-Ti*  and  7075-T6  are  discussed  in  Reference  1.) 


Projectiles 


Caliber  .50  AP  M2,  20  an  AP  M95,  and  20  am  AP  T33  projectiles 
vers  used  in  these  tests.  The  first  two  types  are  standard  rounds; 
the  third  type  is  a  scale  model  of  the  90  mm  AP  T33  shot.  The 
letter  round  was  chosen  since  extensive  tests  against  steel  armor 
have  been  made  at  the  20  na  scale  at  this  arsenal  and,  at  Watertown 
Arsenal,  at  the  caliber  .iiO  scale* 


RESULTS  AMD  DISCUSSION 


The  test  conditions  and  a  summary  of  the  ballistic  results 
sure  presented  in  Table  I.  The  data  are  presented  graphically  In 
Figures  1  through  5.  In  order  to  compere  alloy  resistance  to  pene¬ 
tration  of  projectiles  of  two  different  weights  and  diameters,  the 
specific  limit  energy,*  rather  than  the  ballistic  limit,  was  used 
in  these  performance  graphs.  In  Figures  1,  2  ,  and  3  the  protection 
ballistic  limit  (PBL)**  is  also  indicated  at  the  right  side  of  the 
graph.  Since  data  for  projectiles  of  different  weights  are  plotted 
In  Figures  k  and  5,  no  ecale  for  the  PBL  is  given* 

*The  specific  limit  energy  is  the  kinetic  energy  of  the  projectile 
divided  by  the  cube  of  its  diameter,  or 


where 

W  =  weight  of  the  projectile  in  pounds 

*  limit  velocity  of  the  plate  in  feet  per  second 
d  »  diameter  of  the  projectile  in  inches. 

IMIX  protection-complete  penetration  is  obtained  whenever  a  fragment 
or  fragment e  of  either  the  impacting  projectile  or  the  plate  are 
ejected  from  the  rear  of  the  plate  with  sufficient  energy  to  per¬ 
forate  a  thin,  mild  steel  plate  (about  0.020  in.)  or  equivalent 
screen  placed  parallel  to  and  approximately  six  inches  rearward  of 
the  plate. 
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Table  I.  Suimaiy  of  Ballistic  Results  for 
202lt~Tlt  and  7075-T6  Alu*in»  Alloy* 


Obliguity 

(d)  Projectile 

0  T33 

M95 

M2 

30  T33 

M95 

M2 

h$  T33 

M95 

M2 

55  T33 

M95 

M2 


Protection  Ballistic  Limits  (fps) 


Alloy 

l'/B  In. 

~1/I*"ln. 

17TIH7 

3/1*  in. 

xisr 

1  175  in, 

2r:lt-Ti 

1123 

1670 

707S-T6 

- 

- 

- 

1030 

11*20 

2021a— Tit 

1310 

1680 

7075-T6 

- 

«-• 

- 

- 

970 

1510 

2021a— T1a 

a, 

1365 

1670 

2030 

7075-T6 

* 

“ 

1260 

1695 

2075 

202U-TU 

. 

1390 

1905 

7075-T6 

- 

- 

- 

m 

1285 

1875 

2021<  -TU 

AM 

m 

11*55 

1920 

7075-T6 

•Ml 

*» 

- 

11*15 

1965 

2021i-  -Tl* 

1350 

1660 

2225 

7075 -T6 

- 

- 

11(20 

1820 

2385 

202l*-Tli 

1500 

i860 

2360 

7075 -T6 

- 

>*• 

- 

1390 

1795 

21*60 

202l*-Tl» 

«» 

1510 

1950 

21*75 

7075-T6 

- 

*• 

- 

11*10 

1935 

2535 

2021*— Tl* 

a, 

1505 

1735 

2285 

3080 

7075- -t6 

- 

- 

1535 

2160 

2530 

3200 

202li-Tl( 

4* 

2990 

7075-T6 

- 

>- 

m 

*  m 

30!*0 

202li  -T1a 

tm 

’ 

«. 

¥  m 

3010 

7075-16 

- 

- 

-»» 

*■* 

3255 

202iA‘-TU 

1815 

2l*6o 

3005 

l*o5o 

7075-16 

- 

- 

2030 

2680 

31*00 

>1*190  - 
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Table  I.  Sun nary  of  Ballistic  Results  for 
202l*-Tli  and  7075-T6  Alwinum  Alloys  (Cont*d) 

Obliquity  Protection  Ballistic  Units  (fps) 

(*)  Projectile  Alloy  176  iST  T/II  1'nV  1/2'  In/  3A‘  STTll^VrST 


60 

T33 

2024-T4 

lb50 

I960 

2730 

3555 

70/5-T6 

• 

*• 

1125 

1760 

21,00 

3510 

H95 

202ii— Tl* 

1550 

16b5 

2140 

3465 

7075-T6 

- 

- 

3230 

1720 

2325 

3400 

M2 

202ii— Tl* 

1000 

U75 

2230 

2945 

3620 

7075-T6 

895 

1330 

2220 

2900 

3750 

- 

65 

T33 

202b— TU 

1660 

2260 

3090 

7075-T6 

«■» 

1120 

1930 

2720 

• 

M 9$ 

202b— Tb 

. 

_ 

1705 

1945 

2600 

7075-T6 

- 

- 

1380 

1885 

2580 

- 

70 

T33 

202b— Tb 

1905 

2745 

3580 

7075-T6 

n* 

• 

1375 

2220 

3015 

M95 

202b— Tb 

*• 

1955 

2200 

281,0 

7075--T6 

- 

mi 

H55 

21,05 

3175 

. 

M2 

202b-Tb 

1130 

1825 

3150 

. 

. 

7075-T6 

1090 

1715 

2870 

- 

- 

- 

80 

M2 

202b— Tb 

IU' >-10 

1575 

l!*30 

2710 

2650 

>4200 

>bb5b 

- 

- 

- 

202li-Tli  and  7075-T6  Alloys 

TS 

20  an  AP  H95  Projectiles 


Figure  1  shows  the  behavior  of  the  AP  M9£  projectiles  as  a 
function  of  obliquity  for  various  plate  thicknesses.  For  the  Majority 
of  conditions,  the  202ii~Tii  plate  is  soneuhat  superior  to  the  7075-T6 
plate  in  defeating  the  M 95  shot.  Against  thin  plate,  i,  e,,  1/2  inch, 
this  superiority  is  as  nuch  as  $00  fps,  or  62  per  cent,  on  an  energy 
basis.  The  exceptions  are  mostly  for  thick  plate  at  high  obliquity, 
such  as  1-inch  plate  at  60*  and  70°  obliquities. 
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202V~Tli  and  7075-T6  Alloys 
vs 

20  nun  AP  T33  Projectiles 


As  shown  In  figure  2,  the  202l*-Tli  pints  is  superior  to  the 
7075-T6  plate  for  stopping  the  T33  shot  unJer  all  conditions  of 
attack  investigated,  except  for  1  l/2-inch  plate  at  and  5£° 
obliquities.  Under  these  condition'}  the  two  plates  are  approxi¬ 
mately  equivalent*  The  superiority  of  the  202U  -Tii  alloy  is  greater 
for  the  thin  plates.  Against  the  1/2-inch  plate  at  65°  obliquity, 
120  per  cent  wore  energy  and  an  additional  &0  fp«  *re  required  to 
defeat  the  202l*-Tl*  plate  than  the  7075-76  plate*  For  the  under- 
matching*  targets,  the  7075-T6  plate  spalls  considerably,  and  com¬ 
plete  penetrations  often  occur  without  the  projectile  perforating 
the  plate*  This  is  discussed  more  completely  in  the  section  en¬ 
titled  "Spalling*" 


2G2U-TU  and  7075-T6  Alloys 
▼a 

Caliber  .50  AP  M2  Projectiles 


Against  the  caliber  .50  AP  M2  projectiles  (Figure  3),  the 
202l*-Tli  alloy  is  superior  if  the  plate  is  undermatching;  the  7075-T6 
alloy  is  supei^or  if  the  plate  is  overmatching.**  For  matching*** 
targets  the  7 r*f5-T6  rite  is  superior  at  obliquities  less  than  60#; 
the  202^-Tli  it  supezJcr  f_  obliquities  greater  than  60#. 


20  si  AP  M95  and  20  sa  AP  T33  Projectiles 

vs 

202li-  Tli  Alloy 


For  the  majority  of  target  conditions  investigated,  the  T33 
projectile  is  more  effective  than  the  M95  projectile  in  defeating 
202ii-Tli  plate  (Figure  1*)*  However,  for  intermediate  plate  thick¬ 
nesses  at  high  obliquity,  the  M95  is  considerably  superior  (50  per 
cent  on  an  energy  basis  for  l-inch  plate  at  60°  obliquity)* 

•Undermatching  plate  -  thickness  is  less  than  projectile  diameter. 
♦•Overmatching  plate  -  thickness  is  greater  than  projectile  diameter. 
•♦•Matching  plate  -  thickness  is  equal  to  projectile  diameter. 


•> 
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20  m  AP  M95  and  20  ma  AP  T33  Projectiles 

VS 

7075-T6  Alloy 


Under  all  conditions  of  attack  the  AP  T33  projectile  is  equal 
or  superior  to  the  20  m,  AP  M95  projectile  in  defeating  7075-T6  alloy 
(Figure  5).  Against  one  target  of  1-inch  plate  at  6£°  obliqaity,  the 
M95  projectile  required  about  one  per  cent  less  limit  energy  then  the 
T33,  but  this  is  not  significant*  The  M95  projectile  requires  as  nuoh 
as  6 $  per  cent  nore  limit  energy  to  defeat  1/2 -inch  plate  at  65°  obliq¬ 
uity  than  is  needed  by  the  T 33  projectile. 


Spalling 


Figures  6  to  11*  incl,  are  photographs  of  the  front  and  back 
surfaces  of  1/2  and  1  1/2  inch  thick  2024-Tl*  and  7075-T6  aluminum  alloy 
plates  after  being  subjected  to  20  m  projectile  firixg.  In  Figure  6 
(A  and  B),  rounds  1  to  1*  are  20  mi  AP  T33  projectile  impacts  and  rounds 
5  to  11  are  20  m  AP  M9$  projectile  Impacts,  all  at  60r  obliquity.  In 
Figure  7  (A  snd  B),  rounds  1  to  6  are  20  mm  AF  T33  projectile  impacts 
and  rounds  7  to  12  are  20  am  AF  K95  projectile  Imparts.  It  may  be 
noted  that  the  projectile  imparts  ozi  the  front  surfaces  of  the  2C2i*-lb 
and  7075-T6  plates  ere  similar  in  nppe trance.  However,  the  rear  sur¬ 
faces  shoe  considerable  spalling  for  the  7075-T6  alloy,  while  the  202b-Tb 
plate  shove  practically  no  spalling.  Figure  7B  rtiows  spalling  for  rounds 
3,  5,  8,  and  9,  even  though  the  projectiles  only  partially  penetrated  the 
plate. 

Figures  SB  and  9B  shear  that  7075~T6  alloy  spalls  considerably  more 
on  the  rear  than  2021*  -Ti*  alloy  for  1  1/2  inch  thicknesses.  Rounds  1  to 
5  on  figure  8  (A  and  B)  and  rounds  1  to  7  on  Figure  9  (A  and  B)  repre¬ 
sent  20  mm  AF  T33  projectile  impacts  at  60°  obliquity. 

Figures  10  (A  and  B)  and  11  (A  and  B)  show  caliber  .£0  AP  M2  pro¬ 
jectile  impacts  on  1/U  inch  thick  202l*-Tl*  and  7075-T6  alloy  plates  set 
at  80*  obliquity*  It  may  be  noted  in  Figure  10B  that  very  little  ma¬ 
terial  is  ejected  from  the  rear  of  the  202l*-Tl*  plate  even  though  rather 
large  projectile  holes  were  produced  withouth  going  through  (note 
rounds  2  end  k  of  Figure  10B).  In  contrast,  the  7075>-T6*plate,  which 
had  a  similar  ballistic  limit,  2 650  fps  (Table  I),  spalled  considerably 
nore  (Figure  UB). 


6 
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CONCLUSIONS 


1*  The  202i(~?it  aluminum  alloy  is  generally  superior  to  the 
7C75-T6  alloy  with  respect  to  ballistic  protection,  and  spalls  con¬ 
siderably  less* 

2*  On  the  whole,  the  20  am  AP  T33  projectile  is  superior  to 
the  20  am  AP  M9$  projectile  for  defeating  aluminum  alloy  plates  of 
these  two  types* 


7 

* 
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ttgura  3V  Ballistic  resistance  of  2024-T4  and  7075-T6  aluaJaam  alloy  plats  ▼»  calibsr  .50  AF  M2  projsetilee 
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Ballistic  performance  of  20  m  AP  M96  and  AP  T33  projectiles  ts  2024-T4  aluminum  alloy  plate 
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Nag.  #34113 
R-1395 


A 


B 


figure  6*  20  on  projoctile  impact*  on  l/2  inch  2024-T4  altnlma  alloy  plat  a 

A  -  front  surface  B  -  Rear  surface 

(Rounds  1  to  4  (AP  T33)  and  rounna  5  to  11  (AP  M95)  at  60*  obliquity; 
rounds  12  to  lb  (AP  T33)  and  rounds  16  to  19  (AP  M9b)  at  70*  obliquity) 
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Flgwe  7.  20  mra  projectile  lapects  on  l/2  inch  7075-T6  alinlnua  alloy  pint* 

A  -  Front  surface  B  -  Rear  surface 

(Rounds  1  to  6  (AP  T33)  and  rounds  7  to  1£  (Ar  U9b)  at  60#  obliquity) 
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figure  8.  20  m  projectile  impacts  on  1  1/2  inch  2034-T4  aluainun  alloy  plat* 

A  -  front  surface  -  Hear  surface 

(Rounds  1  to  5  (AP  133)  nt  60*  obliquity;  rounds  6,  f,  6,  9,  and  18  (AP  T33) 

and  10  to  17  (AP  M95)at  0*  obliquity) 
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Figure  9.  20  wn  AP  T33  orojectile  Impacts  on  1  l/jj  inch  7075-T6 

aluminum  alloy  plata  at  60*  obliquity 

A  -  Front  nurfaca  b  -  Roar  surface 
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figure  10.  Caliber  .50  AP  MB  projectile  impacts  on  I A  inch  2024-T4  alvMima  alloy  plat# 

at  80*  Obliquity 
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Figure  11.  Caliber  .50  All  M2  projectile  Impacts  on  l/i  Inch  7075-T6  alialmat  alloy  plate 

at  80*  obliquity 

A  —  Trout  surface  B  —  Rear  surface 
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